Surface Force Apparatus (SFA) is an instrument that allows for very precise measurement of distance between interacting surfaces, as well as the forces of the interaction. When speaking of measuring molecular interactions, most people use affinity as a measure of strength. That is not true, as affinity only shows how likely it is for the bond to form, and not how physically strong it is. Few techniques exist that allow for a direct measurement of force, and Surface Force Apparatus (SFA) is one of them. What separates SFA from other techniques is its ability to measure forces directly as a function of distance between two samples. It is not a single molecule technique, i.e. the forces measured are results of interactions of cohorts of molecules, not a single molecule to molecule. It allows for quantification of weak interactions on the order of thermal energy (k BT ) while determining absolute separations with almost Angstrom precision.
Fig. 2 Multiple internal reflections inside a Fabry-Perot interferometer
Schematic of SFA. (Leckband, et. al.) Interferometry is then used to separate the interference fringes of equal chromatic order. As the distance between the lenses changes, the transmitted wavelength is shifted. During this time, the spring system holding on of the cylinders in place is used to record the forces (Helical spring and double cantilever spring in Fig.1 ). Typically the area of contact is about 5 microns squared, which amounts to about 300000 interacting pairs, which generates enough force to measure by the spring system. This spring system is a simple piece of mechanical engineering that allows for very small force changes by combining two springs together. Essentially, a micrometer screw (which is used for initial setup, while a piezo is used during an experiment for precise manipulations) pushes on a spring, which in turn pushes on another, double-cantilever spring (see Fig. 1 ). By combining two springs with very different spring constants one can vary the exerted force in very small increments.
Typical cylinder radius in SFA is 2 cm. This radius is much greater than the ranges of forces at play, which makes local curvature effects negligible. On the other hand, the area of contact is affected by radius, and, consequently, so is the force of interaction. For this reason, force normalized by radius is used as a measure of interaction, F/R. Below ( fig. 4) is a typical F/R vs distance (D) profile of interaction between two membranes. 
separation. (Orozco-Alcaraz and Tonya L. Kuhl)
As is evident from the diagram, at large distances the force of interaction is zero, while at a small distance there is evidence of attraction, and then at even smaller distance there is a great deal of repulsion (surfaces bumping into each other). Lipid bilayers are one of many entities whose interaction forces can be investigated by SFA. Another great class of molecules is proteins. A protein can be either bonded directly to the surface, or inserted into a membrane. Then, its interactions with ligands can be characterized. The number of proteins that could be studied this way is enormous, from integrins to HIV cell marker recognition proteins.
SFA has two major limitations. The studied molecules must be immobilized on the surface, and they must be homogeneously oriented. This is important because, essentially, the results are obtained from a cohort of molecules, and if some of them are oriented differently, the results are, ultimately, wrong. The goal of the experiment is to find out the force of interaction between one single molecule and another. To do that, the investigator has to know exactly how many molecules are in the interacting area, i.e. the area of contact. Knowing the surface are per molecule and the area of contact one can easily calculate the number of molecules at play. However, if some of them are oriented differently, i.e. in such a way that would prevent or alter their interactions with their counterparts on the other cylinder, the number obtained from the molecules per area calculation will no longer represent the true number of interacting molecules.
The second limitations is time resolution. Mechanical springs can only be moved so fast, so the typical resolution is tens of seconds. This limitation is intrinsic to the instrument design, which trades speed for precision. The large distance traveled by the thread of the micrometer screw or the piezo head is converted into very small distance traveled by the cylinder via the two spring system. This allows for very small increments of distance change, but limits the speed at which the distance can be changed.
